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Fig. lb' 

FIGURE 1 
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FIGURE 7 
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55.018^ 

A METHOD AND APPARATUS FO R COMFUTING A WELL FOR 
PROBUOKG HYDROCARBONS OR THE UKE 

Tlie mvcatioii reiatts to the fidd of pctrofaim service end sopply^ iDdumiei^ and mm 
paitiGiibily to eoavletnig vdb for pcoAic^ 

Wide driSiog tt tddiQ plaoe^ the iBtegri^ of i 1^ 

that needs to be acgmted so that the ^diaulic pressure of the inudailuiinoppoeeattele^ 
from the fofmatioiis while shnultaaeoutly avoufipg damagb^ the UDdogramid fonuaioos by 
firmctuiing them. When the drilled depth exceeds a ccruin value, the pressure difiEcreace due to 
the dMcfcnoe m depth is such that It is oo ioqgcr posdde to firaalate a mud capable of 
per&ciningitsfiinctionovertheemirelet^ofthe weQ, so to prevent ooQafise of d» wall, tt 
is neoessuy to tine the hole with inetsl casing. For this purpose, • certatn number ^rf* casing 
tubes are placed end to end and lowered down the well^ and ire fixed to the waU of 
oeiWfTBing. Thereafter, drifliog can continue down to the next critical depth. 

Each newtynirillod kngtfa nam be fined with ctting of outside ifiam 

pass throi^ the easily that is alreidy in place at AaBower dc|^ 

stjurcase structure with & hole that is large at the top of the wcD and much narrower at die 

bottom of the wdl» Such a confi^natiOA la fiir fiom optomdz a large hole et the anrfiue aseans 

that drflfing time must be wasled in a non-productive zone; whereas a narrow hole in the 

usafiil lEonea docs not frvor production by good drwniiig of the formation. 

Worse stiO, it oAcnhappern that the hole passes through unexpected critic 

beiiqg has reaefaed a critical dqith. Such critical nnea may, Ibr exHnple» be veins of very 

finabte rodt or "pocloetsr of gu wtttcb, even tho«;^ they are M 

migor sources of danger both for the wdl and for the work farce on the surftce. Under sudi 
circumstances^ the onty solution is often to cement these zones by putting casing into place 
iminediatcly, tiierdyy fiirthcr reducing the sze of the bole, vrfiich can lesd to a wcQ beiQg 
abandoned if fiutber (fifficult zones are encountered u drilfing contimica. 
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h wffl also be unfleotood thit it is veiy difficuk to 
casb«. vndxsut fimhtf tigmS^^ 
pmcatii^ pawmioD of oe^ 
piodiictkmzooes^ for example. 

Over the Itsl few ytwrty the indastry hu devdoped new tcdbaiques of completing wdU or ©f 
oompIetiQg them ceraponriiy, lo u to ininmiii» iho nuB*er of •ittpt' and to taenate Ae 
downhote Aneter of the wdL 

Propoi^ hive thui been made to u«e » conipoaie nite^ 

made of ^ fiben impiegnaled wiA noihpolyroeitied qKny lesn and haviog a wbber 
membfine covering its outride to wh^ 

appropriate laying tool, the monbrme » applied agalut Ac wall of die hole or a damaged 
poitioo of caiBit and the leriB b cmed to polym^ 
that techidquc ii that h foquires dcctrical power of the orf 

IhM fiirnth^ ka appftatioo to trcatmg zonea thi^ 
of aynthetic material caanol cofiitit^ 
be capable, m paitk»dar, of withstand 
that are parttculariy coiroatve. 

US Patent 5 34a 095 proposes making casiog out oft ooodnuoui tube of ductie material 
capable of withstancfing large amowHa of plaitic delbnnatson. The tube U erilaiged by a 
conical tool, and k can optionally be cemented. However, expansioo of the lube is 
accompanied by a rtductioo in the total length of the t^ 
Irtohleina at the ends. RBthcfmof^ 

US Patei* 5 366 012 proposes a perfbiated finer pro^ 

A mandrel having a large dkmeter that b greater than Ae m^ 

hner b used to eapand the waU of die liner and the oii^ 

oemert CM then be cast oo ddwr skle of the finer, and once the cement has 

the finer b bored agam. thcfcby leaving a easing of 
mnfbicemem. The need for firther borii« after cement 
that techmqye. In ad^tkHU in the abcwo^ne^tio^^ed c^ 
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the tube are quite higfi tnil tte final length of the Gner a itduct± FinaUy; the ilocs nust be 
piemd m compTan n e wnCh very precise speciScationi^ vAoA icsds to i manu&cfariog cost 
thattshis^ 

An object of the prcacnt invention is a novti type of expandable castQg diat does not prescot 
the abowo-oicirtioaed drawbads of the ait. 

Aocordiiv to Ae iovcotioiv ^ otject b tdiieved by a finer tof c o f»| i lrf i q g a hole in an 
uodcfEnMud fbnoatioQ^ the Soar being eonsthuted by a ^M'wound itrip of spiral cross- 
sectioi^ ia ioogitmfinal edges havii\g compUmentaiy tooching pcofika auch that after 
eqnnsioii the finer b circular In section. 

To complete e weS, the ipuil tube is towered to the bottom of the hole and its waQs are 

spread by nneans of a pteccfncnt tool, eg. a corneal tool, so as to pbce tfte 

ft toudnng positioci where they fonn a cylinder. A dosed oontiououa &ner ts thtsa obtahied 

which Gtti be ce me nted in conventioiial nnnner without the cement tnvadiiv the inuSe of the 

linv» and flMS withoift there beii« any need to bore invde 

that the iptral-woiad caaqg of die iflwcadott Is paitiouKarfy idap 

hofhoetal or inthMateral. given its smaD «uneter hi its oomrBGtcd state which lends itself 
wett to bcu« installed in narrow wcOs or in wdls of tt^ject^ 
tndhional casing s^mems. 

the Ihier of the iovendon b also . wcO adapted to provism 

aiQ^ evcm the hole may optionally be enlarged in the difficuk rone and a spi^ 

diameter after expansion b dose to the diameter of the hole bcfim cnUrggment then be 

put mto place and ceniemed. Thereafter, draisig can coatioue and the 

the gone that haa ahcndy been completed, b s u b seq u e ntl y c om p lB te d in oonvtntiooal wanner. 

The spM easily rfthe bventioo can abo be used Ibr repabii^ can^ 
finoe the outsde diameter of the spiral casing after expanson can be ae!^^ 
very sfigMy baa the nside tfametcr of the easily that b already b place. 

The spM-wound strip preftnbly hu chamfered longjnidlnal edges that define contact 
surftoes whose general direction lies In a plane wUch ftinns a non*zero ai^ idadve to the 
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InigituiSaal laete oftte Baer. AIM pcfoaU^ 
topfDvideiiiech»irfcil«ng^«Hieattt«predrtenMiMd<«mrtg. 

In • more p«tieulirty P«ftn«d viiiK* rfdie mv^^ 
rtrip about «n o» tot U It t certiin lehlh* to *• «ll of 
inch drannrtiacei. when the finer to in Aecoi*^ 
lKfixaiwadlhe<9Eiider.irtepciMaftlKlMbb«n^^ 
Gyne b oblaiBBii whoie Icagb is aot 



The Boer <rfthe iBvcBtk» m be woBwl teflgAw^ 

eoitod ftAing. to onler to compleia leelioM 

togetor « phMB^ of riieoui duriag oBiwfccture of 4e Bb«^ 

uiii« tke eoOed lulAis tednhiiM; or dw dnctljr oil Hie. 

Tl« Boer of the invenlion cm be mtde of meld. tg. fted 

desired <legrees of elMtieity end phslirity. It ihoid^ 

b lelecled. and p«»vidB« k hM not been ceniertfd. ihm the i» 

qtfcatfybewnwwriLthwnaMngWiaporaqriJM^ 

Other detaiU and advaniesMW darecUMtice of the inveaik» vpew ftom the fiilioMins 
description given with id fcwn Be to the flgirw.ia^l'idi: 

• rig«« I U « * ^ 

•lief expawio^ shown in perapeciive (Rgure* U and lb) end in end 

m, 

•Figuc 2 dtawaan caipanMotool; 

. HgiireS riiowi an «aini4e of ineeh«»eal eiigs«e«« 
3d) and shows vBiioua TToQes fbr sodi toodied c4gBa; 

• Rgure4 uaptripective viewof aliaff inlWcortnete^ 
with toothed sectioM; 
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-Figures fhowsft Gner of thctnvcntioQhamgloagi^^ 

seca b perspective in the codlicted stite (Fl^ireSB). afia cxpaiiao& (RjgureSbX tad in 
loi^gitiiduul lectim (Figure ScX 

*Figure6ihowsaneoiaiflpleoftcDponiy coaipfeciooittiiigA&nerofthebiweDdofi; 

- FIguie 7 Shows t typical miuaice ftr con^^ 

* FigMte S shows a variant offt finer of dia iBveaioo that is pe^^ 
sciecjL 

The concept of the ioventton is shown in Figure 1. A strip, e^g. a mdal sc^ it spirat-wouad 
CPiguns la and la*) vnth ovtriap over an ai^ A. After catpansian, the finer is droalar m 
section and its lon^j^^udiBal edges come info contact to oonftliuiie a closed pcrijdietal suiftoe. 

If the winding fdlows an Aidmnedes' sjural, then writizig s for the thickness of the strip and 
Dc for the pseudoKfiameter of the sphaKwouad strip in the contracted state» the vahie De of 
the dianaeter alter expansion n given by the following equation: 



wheie A» the overhip ai^ is cxpiessed m aufisns, and where the leo^ 
expiessed in the same units. 

Whh an overiap of 90* u shown in F^pire la, a liner having an outride Aameler De of 118 
era (70 end n ttuckncss i( of 9 J mm (3/8 of an hidi) ia cofltracied to a £^ 
(SM^. For an overlap of 18Q^» the expansion ia dose to 50K. 

By way of C9caniple» the tool for expancfing the liner of the invention can be consritnted by a 
double cone asseoi)ty as shown diigiinimadcallymF|gm2» ham lOsuitablefor 
l>eiitt fixed to the cod ofa coiled nibe or ofa string offodSk and a second end 11 of diameter 
wniiar to dnt of the qnnl-wouod finer in the cofltnded stat^ theicby enabling the spiral- 
wound finer to be puahed to the zone vddch is to be completed. The expansion tool also 
indudea an enlaiged lone 12 ofoutside diameter dose to the inside diameter ofthe liner after 
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h b€« expiiuled Tlie eatoged aae 12 « pieftf^ 
p«t by iwnote co«tol means wdi ti f^dnwlK prosure, 
of lueh ineiiis «« b coowentkjMl to pUcemedt toob u m«* in ««llf. 

In the v«ii« of the invention iown in RgweS, the eoroptemcattiy to qp niifad edges are 

ghw teetk » tt to fora e mechnial lock. A» c«n be leen more peitkuJ^ 

3d, « tootW edgec ia *•» cue in edge tawi* tlw iae»K cea piwMe ciBrfwe engi^^ 

It <*«*^ ■ 

diftelion "K ettooMeiOii^tefditlvetethenonBritotliefcfflghudU^ 

ing>erfibout45». iadBK« family l3ilBgi»thei«Bge J0» to «©• i« gei^ 

Other wiim toothed pwOei ire ihown » Fipife3«. The mmte of ^ 

or oa the «»iti«y, dcweued. ind it u ponible to teksct profilei that mre vtmt to being 

iquere «o «f to ediieve ei«ige«a» Ihrt » dofer to being of the tenon and 

of the cgompies Aown in Bg«3, the toothed edgci fiiOow a t«etil dkedkm X> •» a 
catMO ai^ leltfive 10 the nonail to the toagMinal ewe of the Soer. Tl» profile 
|M&n*|y Bueh u to ndnkniae ladW ftirtion fciwe th« tead to op^ 
«oinplei««aiy |«itie«. At Aown in ri^3e, the dajti^ 
wptnding the fpinl-wouwJ Bncf aeeto iidiel fiictioB Ib^ 
the edge* apait TWs lepaiwioo fbiec cen be ndniniiwl or 

ihapeofthetedh. 

Tl« force* Pa and Fb which ei«t In loddag the liner «e dii^ 
ingle A of the Bncf in the ooBtiieted poAioa Neweithel^ 

incwafe«ie raifiil &ree« «o thM » bilaaoe must be fiwnd between demd corfkieBl of 



m aw i. expaaded into the Aipe of a cone of dimomons th^ 

geometiy of the ipiriPvroond Sner and 00 «t» ehaldty, an^ 

M«|e of the eonied c«paoiioo tool. To In* ftfction fcwe^ k iniy be ad^ 

« expanaon tool conitteited by a tone 'lAose epoK eagle b dose to thrt of the -ntf^ 

expanrion cone of the spiral-vround finer. 
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Ai thofWB more paniodariy lA Figure 4, the sxu of the q wge me n t teeth foms an angle B 
%ritfa the BOS cf the iptnl-woucit) tube. lUi angle B has an optmatm vafaia lying between the 
'pgtunfcaqpangnn cone angle of the Bi» 

Figures diowi the most parfioohrfy pn&md vuiui of tfw hivemioa m which the Goer is 
obtabed 1^ idEog lip a ftitp about an axb that is at a ceitab ai^ the axis of 

q^mmetiy of the atrip. In die cootntfted position a double hAc 

around die finer. After eqiaosioo (figure 5bX die two bdxea coincide and tiie junction fine 
winds helically around the Boer. 

A parfculai^ advantngeous aspect of tins geooietty Beam it bcicgp^ 

be p erib n iied without cfaan^ng the X length of the fioer. !( as shown in ^gureSc, the 

*(fiameters* c^tfaelioer are wiftteaDcsndDe (where index fioorrespcnda to the fin^ 

the cootiacted state and iitflcx c to the Soer m the c3q»Bded stateX and tf the periods of the 

hcScal oin^ Iblkiwed by the lonptudiosl edgea ar^ 

helot is defined aa bemg the distance measured along the lon^tudhial am 

two eofre^ondiog poinu thst are one conqilete tun ^ist around die ^finder 

(or De if d» case nuy be)X and if the Icivh of a loiviBiiBnd ed^ 

a finer whoae total leqgdi is ^ ft GUI be shown diat dte kf^ L b equal to: 



X does not vafy. 

With this double helix oonfigundion, it diouid also be obscfved diat 
Bner is of diickneas W. ttei die diameter after expaosioo is given by 




and that consequently, if the tape Is roikd up b such a 



diat ^ = then die length 
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faulty, aaodier contequcoee of ilB> geomeify is that aU po^ 

in » p«M»e peipeirfkahf to Ae Bd» rfAe finer during flie o^tnaoo 1^ 

double helix Eur are oil pcrpeadiaiiiiy to tte 

end! wffl define peite aides in pta« tlitt •» themsdvtt pefpend^ 

ins of llie finer. Hbs dbporifion is putieuhil/ ftwrtble te emariisg nliiig of tlie 

conidedaa at the end* of tlie finer. 



BguM 6 and 7 acB MWr di^wanafc a«l *«iw two exainplei of conv^^ 
woimd finer of the illWB^iol^ h beli» ond«r«ood tl« tlw esw^ 

In die examine ihown in Fignrefi. the unnl-wound tube b ined for coopklittg a »ne in 
tanporaiy oanaer. In n wdl in deep water, the problem may be due to too «^ 
between the ftmcturing gradient and the pna^ 

prabtoma anodated, fbr oample. with the presence of formationi that are highly umtaMe 
(clW landi. laJti, etc.) in depletioo tone*, or odier probtaM that are wt^ 

Ihe perion dolled in the ait The fiwmdd cowequence. of 

proportioo to their lengfli swicipatBd 

on an eaia occaaioa thaelv ledudng the diameter of the hole. 

The wdl hu been drilled and cadng ha» been inrtaDed in its upper portion I . 

eortinued ben««h the caring Aoe 2 to piace a hole 3 thtt •» rubsianti^ 

is not cased, prior to reaching a xone 4 of length U which needs to be treated iffltneditfe^ 

(figure 6»). The deeirion is latoi to proceed with temporwy ecmpWon «^ 

Invtatioa A spiiat^oiBid Bi» 5 is poshed towards the bottom of llm wdl by «w 

tod)lo oonieal expaiMon tool 6 fi«d al the ewl of • tribe 7. The eapanw 

mow «i (Hgwe 6b) so as to spread apmt Che walto of the finer onlil they read, a piede^ 

diameter (BguiB 6c). Once the Ina is in place (Figure 6d) the expanrioo tool U 

iho suifiee ami the finer is eememed oring finer eememing techniques (figure 6e). 

shown here, the finer is provkled whh opemngs 8 to dkw cemeat to pass ftom the 

the Drier towards the aaiwhM 9 wWch u to be cenwrted. howcm it is dear that a oemeBfi^ 

shoe ooidd be used. 
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Afitf escpaarioi^ IfaB iosde dimeter of ^ 
liole in xones w!m there are no driUn^ 
b tiie sone thit reqim iRitmett by inc» 

wHhom ai^ need to driD through t oemeeted zone; and the ttdre wdl can be oomplettd m 
aecocdanee with the oiiginal dfiltiog pin^ and without toy foductioo in the iBameter of the 
wea 

It b ilear that addition^ toob such at a catnliw oouM be uaed to 
of the tnventkn. Also, the fa0 b pic&n^ 

eadtydeftnned and that b easy to drill (e.g. ahramanXthefcby^iamiteeov that the ipb^ 
wound Kner b fwopeiiy aqyaaded over its entire bn^ 

A typicd sequence ofuuig a spirtl^woattd liner of invention fi)reoo9lelBV*<<*^^^ 
rescfvoir b shown in Figure?. Such an opcrattan nay be envisaged, fi)r ecanqil^ with 
fonnstlons that are unstable or sandy. 

The spinl*wound Bner of die invention b brou^ in the oontiacted state to a Do n <asc d 
section of the reservoir figure 7a) and it b then expanded by tnesos of an e^ansiOB tool 
(^gures 7b sad 7o). like any other production Sner* the lavcmion is, in thb case, 

pbmd to allow prodoctioQ fluds to pass therethrough and as shown in I^gureS, it b 
prefer^ covered b a grid ip^duch may be fixed thereto^ e.g. b^ 

to ipM winding. Hm pid b preftraUy on the outside bee of the liner, hang towanb the 
waU. 

It should be observed that die sur&ce area of the roDed-up strip remains uosbered duriqg 

expansion so weib are not wealuned by the spiral-wound Gner of the iovenlion b^ 

pbce and expanded. For the same reason, die sise and distzibudoii of the opcmngs provided 

fior aOowing the pnxhiction fiid^ to pass can be seiected in a manner that b entirely 

independent of the dianieters in the oontrectcd state and m die caqMuded stat^ 

possible^ in paitioular, to dbt^ a Uaer that b very stnmg in association widi greater stability 

and longer life of the wcU. 
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em he pbwd wiy ctoie to the fcnnrtifflw e»ta In tte up^ 
aftm not flie cue wilh • eoiwBtfioBil Haw** » ne^^ 

So long M it hw «* beta «inent«l, « *piril-w«uwl 

ipeeiJ tod which KpmUJ the loogMhttl «>8» » M » 

felHin to • wito lo Ihrt of itt tahU ooottMted ilrteL If weh 

«Bly Iter «cwid BwAi cr em dwAI be td^ 
RMdi« in dasie ptopcrtiM ow ndi along period tfdme. 

Tl» geometiy of the spintwouDd linff of the imwfito 

produettoo « low coA Fte exenplc; it b poaibto to u» 

thit Kewthtodtogethedthitirepieieediiapiwlefiaedprtcnvfcg. 

nrflen or hy » hydiMlic p««i • P«»«*- n« "o^^ 
eoBiwiauly 10 •» to give them a toothed prolfe 

•loBg one of the loQgittdbai edge* before winding into • ipireL FmiDy. the <rip miy be 
iptftl-wwind dkeciiy and then coiled. eid» conlinnou^ 

In geneij. it b pw&rtbto to pv out a finer of ll» tawwtioB fiom a red w 
ooee the leetion to be ceopleted It long, end «« rcBrffc -nee 
Nevertheleia. h to ecpafly poBible to lae iaen of fixed 
zone by repeatedly piadng and expanfing leoglhs of bier. 



09/18/2000 18:23:13 page -16- 



CLAIMS 

y A Bner fix aj i u | to ii ^ t bote m an tindct^^ 

ipinl-woiuid iti^ its longitudini! e^ges tttviog coraplcmentaiy toudaqg profies sudi Chat 
after esq^ao&oii the fiaer u drculv m seed^ 

2/ A finer acoof^ng to daim 1, cfaaracteriad in that the IrmgiMd'mal cdlgea define a oootacc 

mffkft^ iif jeneral docciioD D l^^im hi a phDC tiiat fbnns ft iioo»zero ai^^e nb&ve to die 
lof^gitudaal axis of the finer. 

V A fiiMf arairdnig to daim 2, charactcriad n that a»d ai^ fi^^ 
xT of the cofltaa sur&ce Uea in the range 30* CO 60^. 

4i A finer aooofding CD any pceceduig ddny dttrartmiyrf h that the toudang lonpmJnal 
edg!6i have a svwtooth profile. 

5/ A finer aeoordtqg to aoy preoeifiqg danw cteractecized m that the finer is ohtained by 

icIEng up a ati9 about an axis that is at a oenam angle rdative to the a^ 

strip. 

^ A finer oeeocdii^ to any precetfii^ ciauB» dianMccixed n that it B 

7/ A liner aocofding to datm 6, diaractesizied in that it tt covert 

S/ Afineraocxinfingtodaim?, rharartrriTfd in thai the grid is wddcd oa 

W A cnethod of ooiiqpleiBV a hole in an uidcqpound fimnation in «^ 
is toimed down the bok; and the strip is opened ttotl a drcular sec^ 
of a coiifad pCaocmem tool for putriiQ the lOQgiladind edges hM 

IV A melbod acconfiog to dami 4. cfaancteiized h& that it also indudes a ce m e nting 
operaiioo. 

il/ The use of the method tcconfing to datms 9 or 10, for tcnqwniy oompleiioQ of zones 
that an dq)lcted or unconsolidated. 
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12/T1ieuseoftheiiieCbod*ceofdH«tocia2m9or 10, for repamnga casing. 
13/ The use of tbe medttd of daim 9 for €00)^^ 

14/ A ^stem for rr"p>*^ a hole in an uadognNnd fbnnatioo^ chancterized m that it 
isdudes ft Iner aiCTffffng to any one of datms I to S and an txpmaa loot auiCaUe fix 
spiking apan the loqitodinal e%es uodl they 
edge-to-edgei 

ly A tod whhdmong a finer aoo^^ 

neam tat moving the lofigitudind edgca apart by a diameter greater Oan the diameter 
oonptiskv to a drailar sectioo and coablti^ the finer to shrink so ai to rttum to a spiral- 
wouod conCgoration of a danieter that » sniall emxigb to cnal^ 
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